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6HFRQG,QWHUQDWLRQDO6\PSRVLXPRQ&RPSXWHU9LVLRQDQGWKH,QWHUQHW9LVLRQ1HW¶
$UFKLWHFWXUHVIRUVFDODEOHGDWDEDVHVLQFORXG±DQGDSSOLFDWLRQ
VSHFLILFDWLRQV
3DQNDM'HHS.DXUD*LWDQMDOL6KDUPDD
D'HSDUWPHQWRI&RPSXWHU6FLHQFHDQG(QJLQHHULQJ*XUX1DQDN'HY8QLYHUVLW\5HJLRQDO&DPSXV-DODQGKDU,QGLD
$EVWUDFW
'HVSLWHFORXGDEVWUDFWLRQVGDWDLVFULWLFDOWRDSSOLFDWLRQVKRVWHGRQFORXG7KXVRYHUZKHOPLQJGDWDIORZDOVRUHTXLUHVGDWDEDVH
WLHU WR EH VFDOHG HIILFLHQWO\ DQG G\QDPLFDOO\ EHVLGHV RWKHU WLHUV LQ FORXG SODWIRUP+RZHYHU WKLV LV QRW HDV\ VLQFH GDWDEDVHV
PDLQWDLQ WLJKWO\ FRXSOHG VWDWH ZKLOH SURPLVLQJ WUDQVDFWLRQDO VXSSRUW 2EMHFWLYH RI WKLV SDSHU LV WR VXUYH\ VFDODEOH '%06
DUFKLWHFWXUHV GHSOR\HG IRU KRVWLQJ GDWDFHQWULF DSSOLFDWLRQV WKDW DUH JDLQLQJ PRPHQWXP LQ DQDO\WLFDO SURFHVVLQJ VFLHQWLILF
UHVHDUFKHVSHUVRQDOL]HGVHDUFKHVDQGFRUSRUDWHGHDOLQJV7KLVSDSHUUHYLHZVVFDODEOHDUFKLWHFWXUHVDQG WKHLUVXLWDELOLW\ WRKRVW
VSHFLILFFODVVHVRIDSSOLFDWLRQV)LQDOO\LWDGGUHVVHVLVVXHVLQFXUUHQWDUFKLWHFWXUHVDQGSUHVHQWVVRPHIXWXUHVXJJHVWLRQV
7KH$XWKRUV3XEOLVKHGE\(OVHYLHU%9
3HHUUHYLHZXQGHUUHVSRQVLELOLW\RIRUJDQL]LQJFRPPLWWHHRIWKH6HFRQG,QWHUQDWLRQDO6\PSRVLXPRQ&RPSXWHU9LVLRQDQGWKH
,QWHUQHW9LVLRQ1HW¶
.H\ZRUGV$WRPLFWUDQVDFWLRQV+')603,,20XOWLWHQDQF\1R64/6FDODELOLW\,DD63DD66DD6
0DLQWH[W
2YHUWKHSDVWGHFDGHVFORXGFRPSXWLQJKDVHPHUJHGDVDXELTXLWRXVDQGVXFFHVVIXOFRPSXWLQJSDUDGLJP'HVSLWH
RIFORXGDEVWUDFWLRQVGDWD LVFULWLFDO WRDSSOLFDWLRQVKRVWHGRQFORXG6LQFH'%06VSK\VLFDOO\VWRUHDQGPDLQWDLQ
DSSOLFDWLRQVSHFLILFGDWDWKH\FRQVWLWXWHDFHQWUDOFRPSRQHQWRIFORXGVRIWZDUHVWRUH+RZHYHUVFDODEOHGLVWULEXWHG
'%06VGHSOR\HGRYHUFORXGDQGKRVWLQJGLYHUVHDSSOLFDWLRQVIDFHQXPHURXVFKDOOHQJHVGXH WRGLIIHUHQWVFKHPDV
GLIIHUHQW $3,TXHU\ LQWHUIDFHV ZRUNORDG IOXFWXDWLRQV GHVLJQ GHFLVLRQV HWF $V WKH ZRUNORDG LQFUHDVHV V\VWHP
VFDOHV DQG SRVHV QXPHURXV FKDOOHQJHV 6RPH RI WKHPLVVLRQ FULWLFDO WDVNV LQ VFDODEOH GLVWULEXWHG'%06V LQFOXGH


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EDODQFLQJ ORDG VXSSRUWLQJ PXOWLSOH WHQDQWV ZLWK PLQLPXP RSHUDWLQJ FRVW UHGXFLQJ IORZ RI GDWD RYHU QHWZRUN
SDUDOOHOFRPSXWLQJLQWHURSHUDELOLW\DPRQJKHWHURJHQHRXVGDWDVWRUHVDQGPDQ\PRUH
7KH REMHFWLYH RI WKLV SDSHU LV WR GLVWLOO SULPDU\ FRQFHSWV DQG GLVFXVV WKHLU LPSOHPHQWDWLRQV DQG VFRSH /LNH
DSSOLFDWLRQV WKDW DFFHVV ODUJH SRUWLRQV RI KLVWRULF GDWD IRU DQDO\VLV OLNH 2/$3 KDYH WR GHDO ZLWK PXOWLSOH
GLPHQVLRQV RI GDWD $SSOLFDWLRQV OLNH WKHVH UHTXLUH SDUDOOHO FRPSXWLQJ VROXWLRQV ZKHUH V\VWHP VFDOHV E\ DGGLQJ
SURFHVVRUV IRU SURFHVVLQJ GLPHQVLRQV 6LPLODUO\ VFLHQWLILF SDUDOOHO DSSOLFDWLRQV KDYH EHHQ GHSOR\HG RYHU VKDUHG
QHWZRUN ILOH V\VWHPV WLOO GDWH 7KHVH DUH FKDUDFWHUL]HG E\ GRPLQDQW UHDG RSHUDWLRQV WKHUHE\ FDXVLQJ H[FHVVLYH
PRYHPHQWRIGDWDIUDJPHQWVWRORFDOQRGHV
%HVLGHVPDQ\GLYHUVHDSSOLFDWLRQVDUHEHLQJKRVWHGRQFORXGDQGHDFKKDVDXQLTXHDUFKLWHFWXUH$VDUHVXOWWKHUH
LVDQHHGIRULQWHURSHUDELOLW\DQGJOREDOWUDQVDFWLRQPDQDJHPHQWDFURVVKHWHURJHQHRXVVWRUHV)XUWKHUPDQ\H[LVWLQJ
DUFKLWHFWXUDOVROXWLRQVRIIHUVHUYLFHVE\WUDGLQJRIIEHWZHHQVFDODELOLW\DQGFRQVLVWHQF\6XSSRUWLQJPXOWLSOHWHQDQWV
DFURVVXQGHUO\LQJVFDODEOHGLVWULEXWHGGDWDEDVHVLVDQRWKHULVVXHLQWKLVGRPDLQ$OVRWRVXSSRUWLQWHURSHUDELOLW\DQG
PXOWLWHQDQF\RYHUGLVWULEXWHG FORXGGDWDEDVHV RQH QHHGV WREH DZDUHRI WKH LQWHURSHUDELOLW\ FKDOOHQJHV LQYROYHG
DPRQJGLIIHUHQWFORXGVHUYLFHSURYLGHUVOLNH6DD63DD6DQG,DD6
6WUXFWXUH
5HVWRIWKHSDSHUUHYLHZVYDULRXVDUFKLWHFWXUDOLPSOHPHQWDWLRQVRINH\FRQFHSWVLQFRQWH[WRIVFDODEOHGDWDEDVH
PDQDJHPHQW LQ FORXG 6HFWLRQ  SUHVHQWV DUFKLWHFWXUDO GHVLJQ GHSOR\HG XVLQJ SDUDOOHO FRPSXWLQJ IRU SURFHVVLQJ
PXOWLGLPHQVLRQDOGDWD6HFWLRQGLVFXVVHVVFDODEOHGHVLJQZKLFKH[SORLWVORFDOGDWDDFFHVV,QVHFWLRQDPXOWL
WLHU DUFKLWHFWXUH KDV EHHQ GLVFXVVHG WR DFKLHYH LQWHURSHUDELOLW\ DPRQJ KHWHURJHQHRXV GDWD VWRUHV 6FDODEOH
DUFKLWHFWXUHWRVXSSRUWPXOWLSOHWHQDQWVZKLOHPLQLPL]LQJRSHUDWLRQDOFRVWLVGLVFXVVHGLQVHFWLRQ)XUWKHUVHFWLRQ
GLVFXVVHVVFRSHRUDSSOLFDELOLW\RIDIRUHPHQWLRQHGDUFKLWHFWXUHV6HFWLRQGLVFXVVHVLQWHURSHUDELOLW\FKDOOHQJHV
DPRQJFORXGVHUYLFHSURYLGHUVDQGSUHVHQWVFHUWDLQUHFRPPHQGDWLRQV,QVHFWLRQRWKHUUHODWHG'%06LVVXHVOLNH
SDUWLWLRQLQJUHSOLFDWLRQFRQVLVWHQF\DQGDXWRPDWLFVHOIPDQDJHPHQWDUHGLVFXVVHGZKLFKDUHQHFHVVDU\WRDFKLHYH
HIILFLHQW VFDODELOLW\ RI GDWDEDVHV RYHU FORXG 6HFWLRQ  UHYLHZV UHODWHG ZRUN LQ WKLV GRPDLQ )LQDOO\ VHFWLRQ 
FRQFOXGHVWKHSDSHUE\DGGUHVVLQJWKHLVVXHVLQH[LWLQJDUFKLWHFWXUHVDQGSUHVHQWVIXWXUHVXJJHVWLRQVIRUDVFDODEOH
DUFKLWHFWXUHFDSDEOHRIDGGUHVVLQJWKHPLVVLRQFULWLFDOFKDOOHQJHV
3DUDOOHOFRPSXWLQJ
3DUDOOHO FRPSXWLQJ DUFKLWHFWXUH GHSOR\V PXOWLSOH SURFHVVRUV VD\ P ZKHUH HDFK SURFHVVRU LV FDSDEOH RI
H[HFXWLQJNLQGHSHQGHQWSDUDOOHOSURFHVVHV>@/LNHRWKHUKLJKSHUIRUPDQFHGDWDEDVHDUFKLWHFWXUHVHDFKSURFHVVRU
KDV LWV RZQPDLQPHPRU\ WR VWRUHGDWD7KLV DUFKLWHFWXUH KDV WKH DELOLW\RI VFDOLQJPSURFHVVRUVG\QDPLFDOO\E\
GHSOR\LQJDGGLWLRQDOSURFHVVRUV$VDUHVXOWLWSURPLVHVWKDWERWKSURFHVVLQJDQGVWRUDJHPHPRU\FDSDELOLW\ZLOO
VFDOHG\QDPLFDOO\ZLWK LQFUHDVH LQGDWDEDVH VL]H$UFKLWHFWXUHRISDUDOOHO FRPSXWLQJ LV GHVLJQHGVXFK WKDWRXWRI
PSURFHVVRUVRQHLVPDVWHUDQGWKHUHVWPDUHZRUNHUV0DVWHULVUHVSRQVLEOHIRUUHFHLYLQJLQVHUWTXHU\UHTXHVWV
IURPFOLHQWVDQGUHVSRQGLQJWKHPZLWKDPHPRU\UHIHUHQFHWRWKHORFDWLRQZKHUHZRUNHUSURFHVVRUKDVSRVWHGWKH
UHVXOWV+HQFHKLJKGHJUHHRISDUDOOHOLVPLVDFKLHYHGGLVWULEXWHGH[HFXWLRQRIPXOWLSOH LQVHUWTXHU\UHTXHVWVRYHU
PXOWLSOHSURFHVVRUVDQGIXUWKHUSDUDOOHOH[HFXWLRQRIFRQFXUUHQWRSHUDWLRQVE\HDFKZRUNHU$UFKLWHFWXUHVOLNHWKHVH
DUHIXUWKHUVXSSRUWHGE\GLVWULEXWHGPXOWLGLPHQVLRQDOWUHHGDWDVWUXFWXUHVOLNH3'&5WUHHV>@3'5WUHHV>@ZKLFK
DVVLVWLQTXHU\LQJSURFHVVLQJLQVHUWLQJDQGDJJUHJDWLQJGDWDLQUHDOWLPH0DVWHUVWRUHVRQHWUHHDQGHYHU\ZRUNHU
VWRUHVPXOWLSOHWUHHV7KHVHWUHHVDUHLPSOHPHQWHGXVLQJDUUD\ORJLFZKHUHQHZQRGHVDUHDSSHQGHGDQGWUHHOLQNV
DUHUHSUHVHQWHGYLDDQLQWHJHUUHIHUHQFHVUDWKHUWKDQPHPRU\SRLQWHUV>@7KHVHWUHHVWUXFWXUHVDUHOHDIRULHQWHG>@
LH GDWD LV VWRUHG LQ OHDYHV ZKLOH LQWHUPHGLDWH QRGHV KDYH URXWLQJ LQIRUPDWLRQ 3'&5 WUHHV DQG DOLNH DUH WKXV
GHVLJQHG VXFK WKDW WKH\ VFDOH G\QDPLFDOO\ DQG FDQ EH HIILFLHQWO\ FRPSUHVVHG VSOLW RII DQG SURSDJDWHG DPRQJ
SURFHVVRUVWKURXJKPHVVDJHSDVVLQJ>@
)RUDJLYHQGDWDVWRUHZLWKWDEOH7DQGDVHWRI6GLPHQVLRQV^6666V`VXFKWKDWIRUDOO6L L 6WKHUH
LVDKLHUDUFK\+LFRQVLVWLQJRIDWWULEXWHVFRUUHVSRQGLQJWRHDFKKLHUDUFK\OHYHODV+L ^+L+L+LO`
$WKUHHOHYHOKLHUDUFK\IRUHDFKGLPHQVLRQLVVKRZQLQILJXUHD
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
)LJD$GLPHQVLRQDOGDWDZDUHKRXVHE,OOXVWUDWLRQRI3'&5WUHH
,QLWLDOO\WKLVDUFKLWHFWXUHEHJLQVZLWKRQHPDVWHUSURFHVVRUVWRULQJRQH3'&5DOLNHWUHHDQGDQHPSW\GDWDEDVH
LHP ,QWKHEHJLQQLQJWUHHVWRUHVFRPSOHWHGDWDEDVHDQGLVWXQHGWRDGHSWKRIVD\KDVVKRZQLQILJXUHE
DIWHUZKLFKUHPDLQLQJOHYHOVIRUPVXEWUHHVDQGDUHPHDQWWREHVWRUHGZLWKQZRUNHUVQ!!PWKHUHE\G\QDPLFDOO\
FUHDWLQJDZRUNHUSURFHVVRU+HQFHLWFDQEHLQIHUUHGWKDWGDWDLVSUHVHQWLQZRUNHUVZKHUHDVURXWLQJLQIRUPDWLRQ
DQGDJJUHJDWLRQLQIRUPDWLRQLVSUHVHQWZLWKZRUNHUV6LQFHPDVWHUNHHSVWUDFNRIVXEWUHHDOORFDWLRQWRDOOZRUNHUV
DQG FUHDWLRQ RI QHZ ZRUNHUV LW LV UHVSRQVLEOH IRU ORDG EDODQFLQJ ,W SHULRGLFDOO\ VKXIIOHV Q!!P >@ VXEWUHHV WR
HQVXUH WKDW SDUDOOHO TXHU\ WKUHDGV DUH GLVWULEXWHG HYHQO\ DPRQJZRUNHUV+HQFH ORDG EDODQFLQJ LV DFKLHYHGZLWK
RQJRLQJG\QDPLFVFDODELOLW\VRWKDWV\VWHPGRHVQRWFRPSURPLVHRQSHUIRUPDQFH
/RFDOGDWDDFFHVV
8QOLNH QHWZRUN VKDUHG ILOH V\VWHPVZLWK ORFDO GLVNV GLVWULEXWHG ILOH V\VWHPV RYHU QRGHVZLWK ORFDOO\ DWWDFKHG
GLVNV KDYH FDSDELOLW\ RI VFDOLQJZHOOZLWK G\QDPLFZRUNORDG )RU WKLV SXUSRVH+DGRRS'LVWULEXWHG)LOH 6\VWHPV
+')6 >@ DUH GHSOR\HG ZKLFK LQ WXUQ VXSSRUW SURFHVVLQJ RI0DS5HGXFH >@ W\SH ZRUNORDGV >@ 7KH PDLQ
PRWLYHEHKLQGLPSOHPHQWDWLRQRI0DS5HGXFHLVWKDWLWLVHIILFLHQWDQGIDVWIRUSURSDJDWLQJFRPSXWDWLRQVWRVWRUHG
GDWDEDVHIUDJPHQWVUDWKHUWKDQPRYLQJGDWDIUDJPHQWVRYHUQHWZRUNWRZDUGVFRPSXWDWLRQV+HQFHWKLVDUFKLWHFWXUH
VKLIWV IURP FRPSXWHFHQWULF SURFHVVLQJ WR GDWDFHQWULF SURFHVVLQJ WKHUHE\ H[SORLWLQJ GDWD ORFDOLW\ DQG DYRLGLQJ
H[FHVVLYHGDWDPRYHPHQWRYHUWKHQHWZRUNHVSHFLDOO\LQFDVHRIUHDGRSHUDWLRQV
$OO WKH LQFRPLQJSDUDOOHO MREVDUHVXEPLWWHG WRD3'B6FKHGXOHUZKLFK LV UHVSRQVLEOH IRUPDSSLQJSURFHVVHV WR
GDWDWKHUHE\UHGXFLQJWKHDPRXQWRIGDWDWKDWLVEHLQJSXOOHGDFURVVWKHQHWZRUN&RPSXWDWLRQVQRZQHHGQRWZDLW
IRUQHDUE\SURFHVVLQJQRGHVWRJHWIUHHDQGGDWDIUDJPHQWVWREHFRPHDYDLODEOHIURPVWRUHGPHPRU\UDWKHUWKH\DUH
GLUHFWO\ VHQW WR GDWD IUDJPHQWV 7KLV UHGXFHV LQSXWRXWSXW ODWHQF\ 3' B6FKHGXOHU LGHQWLILHV SDUWLFXODU IUDJPHQW
DVVLJQHG WR HDFKQRGH DQGGHWHUPLQHV WKH ORFDWLRQRI HYHU\ XQDVVLJQHGGDWD IUDJPHQW ,W LV DVVLVWHGE\)UDJPHQW
3RVLWLRQ0RQLWRU>@LQGHWHUPLQLQJWKHSRVLWLRQRIIUDJPHQWV)UDJPHQW3RVLWLRQ0RQLWRUZRUNVDWWKHEDFNHQGWR
SHULRGLFDOO\ XSGDWH 3'B6FKHGXOHU ZLWK VWDWXV RI XQDVVLJQHG IUDJPHQWV 6FKHGXOHU LQYRNHV PRQLWRU WR GHWHUPLQH
ORFDWLRQ RI IUDJPHQW DQG KHQFH PRQLWRU LV LPSOHPHQWHG EHWZHHQ 3'6FKHGXOHU DQG +')6 3'B6FKHGXOHU WKHQ
URXWHVWKHFRPSXWDWLRQWRIUDJPHQWORFDWLRQDVVKRZQLQILJXUH
+')6 VWRUDJH LV SDUWLWLRQHG LQWR FKXQNVIUDJPHQWV RI GDWD ,W PDLQWDLQV PRUH WKDQ RQH FRS\ RI HDFK GDWD
IUDJPHQWVRDVWRDYRLGGHDGORFNDQGEDODQFHWKHORDG$SSOLFDWLRQVLQWHUIDFHZLWK+')6YLD+')61DPH1RGH>@
XVLQJOLE+')6>@7KH\TXHU\1DPH1RGHIRUGHWHUPLQLQJIUDJPHQWORFDWLRQZKLFKLQWXUQUHVSRQGVZLWKDOLVWRI
QRGHV WKDW SK\VLFDOO\ VWRUH WKH UHTXHVWHG IUDJPHQWV 2Q WKH EDVLV RI VXFK LQIRUPDWLRQ DSSOLFDWLRQV GHFLGH DV WR
ZKLFK QRGH ZRXOG H[HFXWH D JLYHQ FRPSXWDWLRQ +RZHYHU VHYHUDO GLVFUHSDQFLHV DUH IDFHG ZKLOH H[HFXWLQJ03,
EDVHG>@DSSOLFDWLRQVRQ+')6>@)LUVWO\+')6SURFHVVHV LWVRZQ,2LQWHUIDFHZKRVHFRQVWLWXHQWSURJUDPV
IRUUHDGDQGZULWHDUHGLIIHUHQWIURPHDUOLHU03,RU326,;,2ZKLFKHLWKHUUDQRQVKDUHG1HWZRUN)LOH6\VWHPRU
81,;)LOH6\VWHP$OVRRWKHU IHDWXUHGLIIHUHQWLDWLQJ+')6,2 IURP03,,2 LV WKDW IRUPHURQO\DOORZVDSSHQG
ZULWHVZKLOHODWWHUVXSSRUWVFRQFXUUHQWGLVWULEXWHGZULWHV$VDUHVXOWWKHUHDULVHVDQLQFRPSDWLELOLW\EHWZHHQ+')6
DQGWUDGLWLRQDO03,>@EDVHGSURJUDPVZKLFKQHHGWREHUHVROYHG7RDGGUHVVWKLVLVVXHDQ,2WUDQVODWLRQOD\HU
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PXVWEHGHSOR\HG,2WUDQVODWLRQOD\HUWUDQVSDUHQWO\WUDQVIRUPVKLJKOHYHO,2FRPSXWDWLRQVWRVSHFLILF,2+')6
URXWLQHV

)LJ$UFKLWHFWXUHIRUORFDOGDWDDFFHVV
7KLV ,2 OD\HU LQWHUIDFHVZLWK+')6VHUYHUYLDKGIV&RQQHFWDQGGHSOR\V+')6DVD ORFDO GLUHFWRU\ >@ IRU
FRPSXWDWLRQQRGHVWKHUHE\WULJJHULQJFRUUHVSRQGLQJ+')6,2URXWLQHV0RUHRYHUFRQFXUUHQWZULWHVDUHKDQGOHG
E\PDLQWDLQLQJDQRXWSXWGLUHFWRU\LQ+')6DQGRXWSXWLVZULWWHQWRHDFKSK\VLFDOILOHLQWKHRXWSXWGLUHFWRU\
,QWHURSHUDELOLW\DPRQJGDWDVWRUHV
$V GLVFXVVHG LQ >@ >@ H[LVWLQJ 1264/ GDWD VWRUHV DUH KHWHURJHQHRXV LQ WHUPV RI $3,TXHU\ LQWHUIDFH
FRQVLVWHQF\DQGSDUWLWLRQLQJJXDUDQWHHV HWF$VDFRQVHTXHQFH WKHVH VXSSRUWGLIIHUHQWDSSOLFDWLRQVZLWKGLIIHUHQW
VHUYLFHOHYHOREMHFWLYHV,QRUGHUWRDFKLHYHLQWHURSHUDELOLW\DPRQJKHWHURJHQHRXV1R64/GDWDVWRUHVDQGVXSSRUW
DWRPLFLW\RIWUDQVDFWLRQVDFURVVWKHVHGDWDVWRUHVDPXOWLWLHUHGDUFKLWHFWXUHZLWKLQWHUWUDQVDFWLRQVXSSRUWLVQHHGHG
7KHWLHUHGDUFKLWHFWXUHLVIRUPHGE\VHJUHJDWLQJHDFKLQYROYHGSK\VLFDOHQWLW\LQWRDSDUWLFXODUWLHULHFOLHQWFHQWHU
WLHUDQGGLVWULEXWHGGDWDEDVH>@DVVKRZQLQILJXUH

)LJ0XOWLWLHUHGDUFKLWHFWXUH
&OLHQWWLHUFRQVLVWVRIPXOWLSOHFOLHQWQRGHV8VHULQWHUIDFHVZLWKZKROHDUFKLWHFWXUHWKURXJKWKHVHUYLFHVSURYLGHG
E\FOLHQWQRGH ,W LV OHYHUDJHGZLWK WKH UHVSRQVLELOLW\RIFRQVROLGDWLQJ WUDQVDFWLRQ UHTXHVWV UHFHLYHG IURP WKHXVHU
DQGVHQGLQJLWWRUHVSHFWLYH,QWHU7UDQVDFWLRQ0DQDJHU,70>@ZKRVHDGGUHVVLVDFKLHYHGE\UHTXHVWLQJPDVWHU
QRGHRIUHVSHFWLYH,70
$WRPLFLW\RIWUDQVDFWLRQVDQGVFDODELOLW\LVHQVXUHGE\FHQWHUWLHUZKLFKLVIXUWKHUFODVVLILHGLQWRZRUNHUQRGHV
PDVWHUQRGHV,70XQGHUFHQWHUWLHULVUHVSRQVLEOHIRUJXDUDQWHHLQJDWRPLFLW\VHULDOL]DELOLW\RIDOOWUDQVDFWLRQV,WLV
VXSSRUWHGE\FOLHQWSRUW>@DWWKHEDFNHQGWKURXJKZKLFKFOLHQWFRQQHFWVWR,70DQGWKLVHQDEOHVWKHDUFKLWHFWXUH
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WRPDLQWDLQVWDWXVRIWUDQVDFWLRQV(DFK,70PDLQWDLQVPHWDGDWD>@WRNHHSUHFRUGRIWUDQVDFWLRQVDVWKH\SURFHHG
+HQFHHDFK,70SRVLWLRQDQGLWVDOORFDWHGWUDQVDFWLRQFDQEHHDVLO\LGHQWLILHGE\PHWDGDWD>@DQGFDQEHXVHIXO
IRU UHFRYHULQJ D WUDQVDFWLRQ LQ WKH HYHQW RI D IDLOXUH 0HWDGDWD VWUXFWXUH PDLQWDLQV LQIRUPDWLRQ DERXW VWDWXV
WLPHVWDPSWUDQVDFWLRQB,GVUHDGZULWHORFNVRUFRQIOLFWVHWF,WLVVWRUHGXVLQJGLVWULEXWHG0\64/FOXVWHU>@LQ
SODFHRI+')6VLQFHIRUPHULVPRUH64/FRPSDWLEOHVFDODEOHUHOLDEOHDQGDOVRSURYLGHVHDV\DQGIDVWHUDFFHVV
)XUWKHU,70UXQVRYHUDZRUNHUBQRGH7KHVHZRUNHUQRGHVHQVXUHVFDODELOLW\DQGDUHFRQWUROOHGE\PDVWHUQRGH
:KHQ D QHZ ZRUNHUBQRGH DUULYHV LW FRQWDFWV FRRUGLQDWRU WR GHWHUPLQH WKH ORFDWLRQ RI DFWLYH PDVWHU LQ RUGHU WR
UHJLVWHU LWVHOI WRPDVWHU 7KHUH DUHPXOWLSOH0DVWHU QRGHV SUHVHQW RXW RI ZKLFK RQO\ RQH LV DFWLYH DW D SDUWLFXODU
LQVWDQW RI WLPH 9DULRXV DOJRULWKPV DUH XVHG WR UHSODFH D IDLOHG PDVWHU QRGH ,W JXDUDQWHHV ORDG EDODQFLQJ DQG
UHFRYHU\IURPIDLOXUHVWKURXJKEDODQFHUDQGFOHDQVHUSURFHVVHVUHVSHFWLYHO\&RRUGLQDWRULVDVHUYLFHSURPLVLQJKLJK
SHUIRUPDQFHV\QFKURQL]DWLRQPDVWHUPDLQWHQDQFHDQG),)2H[HFXWLRQ>@
0XOWLWHQDQWVXSSRUW
2ZLQJWRWKHUXOH>@WKHUHLVQHHGWRGHYLFHGDWDEDVHDUFKLWHFWXUHEDVHGRQWKHORJLFRIORDGLQJDVSHUWKH
TXHU\UHTXLUHPHQWV&RVWHIILFLHQWPXOWLWHQDQWDUFKLWHFWXUDODSSURDFKRQO\PDLQWDLQVWKRVHWDEOHVLQ'%06WKDWDUH
EHLQJRUZLOOEHTXHULHGLQQHDUIXWXUH%HVLGHVWKDWDOO WKHRWKHUWDEOHVDUHPDLQWDLQHGRXWVLGH'%06LQDVLQJOH
WDEOH7KXVZKHQDWDEOHUHTXLUHGE\DTXHU\LVQRWSUHVHQWLQ'%06QHZWDEOHLVFUHDWHGDQGWKHQORDGHGZLWKGDWD
DIWHUZKLFKWKHH[HFXWLRQRITXHU\EHJLQV,IDQLGHDOWDEOHLVSUHVHQWLQ'%06DOO LWVXSGDWHVDUHEDFNHGXSLQWR
VKDUHGWDEOHDQGWDEOHLVILQDOO\GURSSHG6LPLODUO\ZKHQDTXHU\ILQLVKHVLWVH[HFXWLRQWKHFRUUHVSRQGLQJWDEOHLV
GURSSHG IURP'%06$V D UHVXOW RQO\ ZRUNLQJ WDEOHV DUHPDLQWDLQHG LQ GDWDEDVH LQVWHDG RIPDLQWDLQLQJ HYHU\
SULYDWHWDEOHRIHDFKWHQDQW
7KLVDUFKLWHFWXUDODSSURDFKWKXVLPSOHPHQWVWZRVFKHPDV6KDUHGBWDEOHVFKHPD>@DQG$FWLYHBWDEOHVFKHPD
7KHUHLVRQO\RQHVKDUHGWDEOHZKLFKLVXVHGWRLQWHJUDWHGDWDIURPDOOWHQDQWVLQWRRQHSODFH+RZHYHUWKHUHDUHD
QXPEHURIDFWLYHWDEOHVXQGHU$FWLYHBWDEOHVFKHPDZKLFKKRVWVGDWDUHTXLUHGIRUSURFHVVLQJDQGUHVSRQGLQJTXHULHV
$OOFROXPQVRIWHQDQW¶VORJLFDOWDEOHDUHFRQVROLGDWHGDQGVWRUHGLQDFRPPRQFROXPQXQGHU6KDUHGBWDEOHVFKHPD
ZKLFKLVXVHGIRUUHVWRULQJWDEOHVZKHQQHHGHG(DFK$FWLYHBWDEOHFRQVLVWRIWZRDGGLWLRQDOFROXPQV,'BFROXPQV
DQG6WDWXVBFROXPQ,'BFROXPQVLGHQWLI\,'RIORJLFDOWHQDQWWDEOH¶VURZVRDVWRPDSLWWRWKHFRUUHVSRQGLQJURZLQ
WKH VKDUHG WDEOHZKLOH IOXVKLQJ WKH XSGDWHV WR6KDUHGBWDEOH VFKHPD6WDWXVBFROXPQRQ WKHRWKHUKDQG LV XVHG WR
GHWHUPLQH ZKHWKHU D URZ KDV EHHQ XSGDWHG DQG LI DQ\ LQVHUWLRQV RU GHOHWLRQV DUH FDUULHG RYHU D SDUWLFXODU URZ
,QLWLDOO\DOOWKHYDOXHVRIWKH6WDWXVBFROXPQDUHVHWWRDQGLVPRGLILHGWRLILQVHUWLRQXSGDWLRQVLVFDUULHGRQDURZ
RULVPRGLILHGWRLILWLVGHOHWHG

)LJ'LVWULEXWHGLQPHPRU\DUFKLWHFWXUH
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)XUWKHUGHSHQGLQJXSRQKRZWKH6KDUHGBWDEOHVFKHPDRUWHQDQWWDEOHVRWKHUWKDQDFWLYHWDEOHVDUHVWRUHGDQG
ZKDWVHUYLFHOHYHOREMHFWLYHVDUHVXSSRUWHGE\WHQDQWVWZRLPSOHPHQWDWLRQVRIWKLVDUFKLWHFWXUHDUHSRVVLEOHRQGLVN
RU LQ PHPRU\ EDVHG 5'%06 PRGHOV >@ )RUPHU RQH HQVXUHV DFFHSWDEOH SHUIRUPDQFH DQG KLJK FRQVROLGDWLRQ
ZKHUHDV ODWWHU\LHOGVKLJKSHUIRUPDQFH'LVNEDVHG5'%06LVDSSOLFDEOHZKHUHKLJK WKURXJKSXW LVQRWDSULRULW\
DQG DEXQGDQWPHPRU\ UHVRXUFHV DUH QRW DYDLODEOH ,W LV DFHQWUDOL]HG DSSURDFK DQGKHQFH LV QRW VXLWDEOH IRU IDXOW
WROHUDQFHDQG ORDGEDODQFLQJ2Q WKHFRQWUDU\ ,Q0HPRU\EDVHG5'%06 LVDSSOLFDEOHZKHUHKLJK WKURXJKSXW LV
SUHIHUUHGDQGDEXQGDQWPHPRU\UHVRXUFHVDUHDYDLODEOH7KLVHPSOR\VDGLVWULEXWHGDSSURDFKDVTXHU\SURFHVVLQJ
DQGGDWDVWRUDJHLVFDUULHGRXWLQGLIIHUHQWGDWDEDVHLQVWDQFHVXQOLNHFHQWUDOL]HG'LVNEDVHG5'%06
,QFHQWUDOL]HG'LVNEDVHG5'%06DUFKLWHFWXUHDVVKRZQLQILJXUHTXHU\UHTXHVWHGE\FOLHQW LVSDVVHGRQWR
DSSOLFDWLRQ VHUYHU ZKLFK ILUVW DXWKHQWLFDWHV WKH FOLHQW DQG WKHQ YDOLGDWHV WKH TXHU\2QO\ DIWHU YDOLGLW\ FKHFN WKH
TXHU\ LV UHZULWWHQ WREHH[HFXWHGE\TXHU\SURFHVVRUZKLFK ILQDOO\JHQHUDWHV UHVXOWVDQG WUDQVIHUV WKHP WRRXWSXW
WUDQVPLWWHU7RKDQGOHWKHHYHQWVZKHQUHTXLUHGWHQDQWWDEOHLVQRWLQ'%06DGDWDORDGUHTXHVWJHQHUDWRUJHQHUDWHV
DORDGUHTXHVWDQGUHTXHVWLVSDVVHGLQWRWKHGDWDORDGUHTXHVWTXHXHZKLFKLQWXUQLQYRNHVGDWDORDGVFKHGXOHU
'LVWULEXWHG,Q0HPRU\5'%06DUFKLWHFWXUHDVVKRZQLQILJXUHKDVRQHPDVHUQRGHDQGPXOWLSOHVODYHQRGHV
0DVWHU LV OHYHUDJHG ZLWK WKH UHVSRQVLELOLW\ RI DXWKHQWLFDWLQJ WKH FOLHQW PRQLWRULQJ WKH VODYHV EDODQFLQJ DQG
GLVWULEXWLQJWKHORDGDPRQJVODYHV6ODYHQRGHVDUHUHVSRQVLEOHIRUYDOLGLW\FKHFNVTXHU\UHZULWLQJDQGSURFHVVLQJ
UHVXOW JHQHUDWLRQ DQG ORDGLQJ UHTXHVWHGGDWDRUEDFNLQJ WKH H[FHVVLYH ORDG ,W VWRUHV DOO GDWD LQ DGLVWULEXWHGGDWD
VWRUHGHSOR\HGRYHUGLVWULEXWHGILOHV\VWHP+')6ZKLFKDXWRPDWLFDOO\UHSOLFDWHVGDWDEORFNVRYHUPXOWLSOHQRGHV
WKHUHE\ JXDUDQWHHLQJ IDXOW WROHUDQFH 7KXV GDWD LV VWRUHG LQ GDWD VWRUHV LPSOHPHQWHG RQ +')6 ZKLOH TXHU\
SURFHVVLQJLVFDUULHGE\LQPHPRU\5'%06


)LJ&HQWUDOL]HGGLVNEDVHG5'%06DUFKLWHFWXUH
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6FRSH
$QDO\WLFDOSURFHVVHV
3DUDOOHO FRPSXWLQJ DUFKLWHFWXUH GLVFXVVHG LQ VHFWLRQ  LV XVHIXO IRU DSSOLFDWLRQV WKDW DFFHVVDJJUHJDWH ODUJH
SRUWLRQVRIGDWDOLNHRQOLQHDQDO\WLFDOSURFHVVLQJ2/$3ZKLFKSURFHVVKLVWRULFGDWDIRUDQDO\VLV6XFKDSSOLFDWLRQV
QHHG XSWRGDWH LQIRUPDWLRQ IRU HIIHFWLYH DQDO\VLV WKHUHE\ FDOOLQJ LQ IRU G\QDPLF VFDODEOH UHDO WLPH XSGDWHV DQG
PXOWL GLPHQVLRQDO GDWD KDQGOLQJ0XOWLGLPHQVLRQDO WUHHGDWD VWUXFWXUHV XVHG LQ WKLV DUFKLWHFWXUH KDVSURYHGYHU\
XVHIXODQGDUHFDSDEOHRIG\QDPLFDOO\VFDOLQJSURFHVVRUVZLWKLQFUHDVHLQGDWDEDVHVL]H
6FLHQWLILFSDUDOOHODSSOLFDWLRQV
6FDODEOH DUFKLWHFWXUH ZLWK ORFDO GDWD DFFHVV FDSDELOLW\ DV GLVFXVVHG LQ VHFWLRQ  LV VXLWDEOH IRU DSSOLFDWLRQV
KDQGOLQJ H[FHVVLYH UHDG RSHUDWLRQV OLNH VFLHQWLILF SDUDOOHO DSSOLFDWLRQ 7KHVH DSSOLFDWLRQV DUH FKDUDFWHUL]HG E\
H[FHVVLYHPRYHPHQWRIGDWDIURPRQHFOXVWHUQRGHWRDQRWKHU:LWKWKHLQFUHDVLQJGDWDVHWVL]HWKHSURFHVVLQJDQG
SURSDJDWLQJRIGDWD IUDJPHQWVEHFRPHVYHU\FRVWO\DQGDOVRFDXVHVGHOD\V7KXV ORFDOGDWDDFFHVVE\DGRSWLQJD
GDWDFHQWULFDSSURDFKFDQFRQVLGHUDEO\UHGXFHWKHGHOD\DVZHOODVFRVWLQYROYHG
(&RPPHUFHDQG(%DQNLQJ
1XPHURXVDSSOLFDWLRQVKRVWHGRQFORXG LPSOHPHQWGLIIHUHQW1R64/GDWDVWRUHVZKLFKXVHGLIIHUHQW$3,TXHU\
LQWHUIDFHVSDUWLWLRQLQJDQGUHSOLFDWLRQPHFKDQLVPVFRQVLVWHQF\OHYHOVDQGFRQFXUUHQF\JXDUDQWHHV7KHUHLVDODFN
RI FRPPRQ VWDQGDUG DPRQJ WKHVH KHWHURJHQHRXV GDWD VWRUHV'DWD DQG WUDQVDFWLRQV DUH QRW SRUWDEOH RU UHXVDEOH
)XUWKHU WKHUH LV D QHHG RI LQWHU GDWDEDVH WUDQVDFWLRQ VXSSRUW RU JOREDO DWRPLF WUDQVDFWLRQ PDQDJHPHQW RYHU
KHWHURJHQHRXV1R64/ GDWD VWRUHV >@ZKLOH JXDUDQWHHLQJ IDXOW WROHUDQFH DQG DFFXUDF\$SSOLFDWLRQV VXFK DV H
FRPPHUFHHEDQNLQJUHTXLUHPXOWLWLHULQWHURSHUDEOHDUFKLWHFWXUHGLVFXVVHGLQVHFWLRQ
'DWD0DUNHW$SSOLFDWLRQV
7KHUHDUHDSSOLFDWLRQVZKHUHWHQDQWVDUHSURYLGHGGDWDDVDVHUYLFH$XVHUVXEPLWVDTXHU\RYHUWKHGDWDDQGLV
FKDUJHGDVSHUWKHUHVXOWVJHQHUDWHGE\TXHU\SURFHVVRU$OWKRXJKWKHVHXVHUVWHQGWRUHDGRUDQDO\]HWKHUHVXOWVDW
WKHWLPHRIJHQHUDWLRQLWVHOIEXWVHUYLFHSURYLGHUVKDYHWRPDLQWDLQTXHU\UHVXOWVIRUIXWXUHUHIHUHQFHV$VDUHVXOW
WKH\KDYHWRPDLQWDLQWDEOHVZKLFKPD\QRWEHDFFHVVHGE\DWHQDQWRYHUDORQJSHULRGRIWLPH,WLVFXPEHUVRPHIRU
VHUYLFHSURYLGHUVWRORDGDOOWKHWDEOHVIRUHDFKWHQDQWHYHU\WLPHWKH\DFFHVVWKHGDWDEDVHVLQFHDORWRIUHVRXUFHV
DQGVWRUDJHFDSDFLW\LVZDVWHG0RUHRYHULWJHQHUDWHVXQQHFHVVDU\ZRUNORDGRYHUWKHQHWZRUN+HQFHFRVWHIILFLHQW
PXOWLWHQDQWVXSSRUWDUFKLWHFWXUHGLVFXVVHGLQVHFWLRQLVVXLWDEOHIRUVXFKDSSOLFDWLRQV
,QWHURSHUDELOLW\DPRQJFORXGVHUYLFHSURYLGHUV
,Q FRQWH[W RI FORXG FRPSXWLQJ LQWHURSHUDELOLW\ FDQ EH YLHZHG DV WKH DELOLW\ RI SXEOLF RU SULYDWH FORXGV DQG
YDULRXV HQWHUSULVH V\VWHPV WR XQGHUVWDQG RQH DQRWKHU¶V VHUYLFHV DQG DSSOLFDWLRQ LQWHUIDFHV VHWWLQJV VHFXULW\
SDUDPHWHUVHWFLQRUGHUWRLQWHURSHUDWHDQGFRRSHUDWHZLWKHDFKRWKHU>@7KHYLWDOFRPSRQHQWVRILQWHUDFWLRQVDUH
WKRVHEHORQJLQJWRFORXGVHUYLFHFOLHQW>@ZKLFKFRPPXQLFDWHVZLWKFORXGVHUYLFHSURYLGHUFRPSRQHQWV+HQFH
SUHVFULEHG$3,¶VDQG LQWHUIDFHVDUH W\SLFDOZKHQZH WDONRI LQWHURSHUDELOLW\+RZHYHU WKHUH LVQRVWDQGDUGL]DWLRQ
$3, RU LQWHUIDFH $V D UHVXOW GLIIHUHQW VHUYLFH SURYLGHUV XVH GLYHUVH $3,¶V DQG LQWHUIDFHV %XW VWLOO WKUHH PRVW
FRPPRQLQWHUIDFHVDUH
 )XQFWLRQDO,QWHUIDFHV'HDOVZLWKPDMRUIXQFWLRQDOLWLHVSURYLGHGE\FORXGVHUYLFHV
 $GPLQLVWUDWLYH,QWHUIDFHV'HDOVZLWKPDQDJHPHQWDXWKRUL]DWLRQDQGPRQLWRULQJRIVHUYLFHVDQGWKHLU
FKDUDFWHULVWLFV
 %XVLQHVV,QWHUIDFHV,QFOXGHVELOOLQJLQYRLFHVXEVFULSWLRQLQIRUPDWLRQHWF
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'HJUHHRILQWHURSHUDELOLW\YDULHVIURPRQHFORXGVHUYLFHWRDQRWKHU,DD6SURYLGHVKLJKHVWLQWHURSHUDELOLW\VLQFHLW
KDVPDQ\GHIDFWRRUIRUPDOVWDQGDUGLQWHUIDFHVDVZHOODVHTXLYDOHQWIXQFWLRQDOLW\3DD6KDVFRPSDUDWLYHO\ORZHU
LQWHURSHUDELOLW\VLQFHIHZVWDQGDUGLQWHUIDFHVRURSHQVRXUFHSURMHFWVKDYHEHHQGHYLVHGVRIDU+RZHYHU6DD6KDV
WKH OHDVW LQWHURSHUDELOLW\DVYHU\ IHZVWDQGDUG LQWHUIDFHV ,W LQYROYHV WKH WUDQVIRUPDWLRQRIRQ LQWHUIDFH WRDQRWKHU
7KHUHIRUH3DD6DQG6DD6SUHVHQWDJUHDWHUFKDOOHQJHLQDFKLHYLQJLQWHURSHUDELOLW\
)XUWKHU DSSOLFDWLRQ FRGH LQ WKH FORXG VHUYLFH LVPDQDJHG E\ FOLHQW LQ ,DD6 DQG 3DD6ZKHUHDV LW LV XQGHU WKH
FRQWURORISURYLGHUVLQ6DD6,WLVFRQWUROOHGDQGLPSOHPHQWHGE\WKH$3,¶V0RUHRYHUFOLHQWRSHUDWLRQVXVHWKHVH
$3,¶VIRUPLJUDWLQJOLQNLQJRUXWLOL]LQJWKHFORXGVHUYLFHVWKHUHE\FKDOOHQJLQJWKHLQWHURSHUDELOLW\
$V GLVFXVVHG LQ >@ IHZ FDVHV FDQ EH FRQVLGHUHG WR XQGHUVWDQG WKH LQWHURSHUDELOLW\ FKDOOHQJHV DQG
FRQVLGHUDWLRQV7KHVHLQFOXGH
 &OLHQW0LJUDWHVEHWZHHQWKHFORXGVHUYLFHSURYLGHUV
 &OLHQWXVHVFORXGVHUYLFHIURPSURYLGHUV
 &OLHQWOLQNVSDUWLFXODUVHUYLFHWRDGLIIHUHQWVHUYLFH
&DVH
$FOLHQWPLJUDWHV IURPRQH FORXG VHUYLFH SURYLGHU WR DQRWKHU LQ RUGHU WR DYDLO WKH EHQHILWV RIZLGHPDUNHW RI
FORXG VHUYLFHV DQG WR HOLPLQDWH WKH ULVN RI ORFNLQV >@ 7DEOH  GLVFXVVHV WKH YDULRXV FRQVLGHUDWLRQV ZKLOH
PLJUDWLQJEHWZHHQGLIIHUHQWVHUYLFHSURYLGHUFRPELQDWLRQVDQGVXJJHVWVWKHLUFRUUHVSRQGLQJUHFRPPHQGDWLRQV
7DEOH&OLHQWPLJUDWHVEHWZHHQFORXGVHUYLFHSURYLGHUV
&RQVLGHUDWLRQV 5HFRPPHQGDWLRQV
)URP6DD6WR,DD6RU3DD6
1RSRUWDELOLW\RIDSSOLFDWLRQFRGH
$SSOLFDWLRQRGHVPD\EHFRPSOHWHO\GLIIHUHQWEHWZHHQWZR
VHUYLFHSURYLGHUV
+HQFH$3,VQRWLQWHURSHUDEOH
,QFRPSDWLEOHLQWHUIDFHV
7UDQVIRUPDWLRQRI$3,VZKLFKZDVWHVHIIRUWV
)URP3DD6WR,DD6
1RSRUWDELOLW\RIDSSOLFDWLRQFRGHUDUHO\KDSSHQV
9DULHVDPRQJGLIIHUHQWVHUYLFHSURYLGHUV
)URP,DD6WR3DD6
5DUHO\FKDOOHQJLQJ
)RU6DD6IRFXVRQVWDQGDUGDQGZHOOGHILQHG$3,VGDWD
IRUPDWVLQWHUIDFHVDQGSURWRFROV





)RU3DD6PDNHVXUHWKDWRSHQVRXUFHSURMHFWVDQGVWDQGDUGV
DUHXVHGWRDYRLGWKHQHHGRIWUDQVIRUPDWLRQ

)RU,DD6PDNHVXUHWKDWDOOVHUYLFHSURYLGHUVXVHVWDQGDUGDQG
RSHQVRXUFHIRUPDWVOLNH29)HWF

&DVH
$FOLHQWPLJKWXVHVHUYLFHVIURPPXOWLSOHVHUYLFHSURYLGHUVLQRUGHUWRDYDLOWKHEHQHILWVRIWKHLUXQLTXHDELOLWLHV
'HSHQGLQJ XSRQ HTXLYDOHQW RU GLIIHUHQW IXQFWLRQDOLW\ EHWZHHQ WKH WZR VHUYLFH SURYLGHUV LQWHURSHUDELOLW\ YDULHV
EHWZHHQ WKHLU LQWHUIDFHV 7DEOH  UHYLHZV WKH FRQVLGHUDWLRQVZKLOH XVLQJ VHUYLFHV IURPGLIIHUHQW FRPELQDWLRQV RI
SURYLGHUVDQGVXJJHVWVWKHFRUUHVSRQGLQJUHFRPPHQGDWLRQV
7DEOH&OLHQWXVHVFORXGVHUYLFHVIURPGLIIHUHQWSURYLGHUV
&RQVLGHUDWLRQV 5HFRPPHQGDWLRQV
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(TXLYDOHQWIXQFWLRQDOLW\
&DVH,QWHURSHUDEOHLQWHUIDFHVDQGFRPSRQHQWV
&DVH1RLQWHURSHUDEOHLQWHUIDFHV

'LIIHUHQWLDO)XQFWLRQDOLW\
1RLQWHURSHUDEOHLQWHUIDFHVWKRXJKPD\EHGHVLJQHGRYHU
FRPPRQWHFKQRORJ\

&DVH&RPPRQLQWHUIDFHRUFRPSRQHQWFDQEHXVHG
&DVH&OLHQWFRPSRQHQWVZLOOQHHGWREHXSGDWHGWRFRRSHUDWH
ZLWKERWKLQWHUIDFHV
,PSOHPHQWDQ(QWHUSULVH6HUYLFH%XV(6%>@WRWUDQVIRUP
LQWHUIDFHVGDWDIRUPDWVDQGSURWRFROVDPRQJVHUYLFHSURYLGHUV
8VHDPLGGOHOD\HUWRLGHQWLI\DQGUHVROYHVXFKLVVXHV
5HVWUHFRPPHQGDWLRQVIRU,DD63DD6DQG6DD6DUHVDPHDVGLVFXVVHGLQFDVH
&DVH
&OLHQWFDQDVVRFLDWHFORXGVHUYLFHVWRJHWKHUIRUDSDUWLFXODUDSSOLFDWLRQWRFUHDWHDPRUHHIIHFWLYHFDSDELOLW\7R
DVVRFLDWHFORXGVHUYLFHVWRJHWKHUWKHVHFRQGVHUYLFHSURYLGHUPXVWSRVVHVVDQ$3,ZKLFKWKHILUVWVHUYLFHSURYLGHU
FDQXVHUHPRWHO\>@+HQFHW\SHRIILUVWDQGVHFRQGVHUYLFHSURYLGHUDIIHFWWKHOLQNEHWZHHQWKHWZR
7DEOH&OLHQWOLQNVSDUWLFXODUVHUYLFHWRDQRWKHUVHUYLFH
&RQVLGHUDWLRQV 5HFRPPHQGDWLRQV
:KHQDQ\RQHVHUYLFHSURYLGHULV,DD6RU3DD6WKHQDSSOLFDWLRQ
FRGHLVXQGHUWKHFRQWURORIFOLHQW
:KHQDQ\RQHVHUYLFHSURYLGHULV6DD6WKHQDSSOLFDWLRQFRGHLV
XQGHUWKHFRQWURORIVHUYLFHSURYLGHU
$3,RI,DD6RU3DD6FDQEHXVHGE\RWKHUV

5HTXLUHVSUHFRQILJXUDWLRQRILQWHUIDFHVRUVHUYLFHVIRUXVHE\
VHFRQGSURYLGHU
8VHVWDQGDUGRUGHIDFWR$3,
0DNHVXUHWRXVHDQLQWHUPHGLDWHOD\HUWRLGHQWLI\DQGUHVROYH
WKHLQWHURSHUDELOLW\LVVXHV
)RFXVRQXVLQJ62$GHVLJQ>@FRQFHSWV
&RQVLGHUWKHUHFRPPHQGDWLRQVRIFDVHDOVR
$VGLVFXVVHGLQ>@VRPHVWDQGDUGVKDYHEHHQGHYLVHGWRRYHUFRPHWKHFKDOOHQJHRILQWHURSHUDELOLW\OLNH2SHQ
&ORXG &RPSXWLQJ ,QWHUIDFH 2&&, &ORXG $SSOLFDWLRQ 0DQDJHPHQW IRU 3ODWIRUPV &$03 &ORXG 'DWD
0DQDJHPHQW ,QWHUIDFHV &'0,2SHQ9LUWXDOL]DWLRQ)RUPDW 29) HWF&HUWDLQ RSHQ VRXUFH SURMHFWV KDYH DOVR
EHHQGHVLJQHGOLNH2SHQ6WDFNLQ,DD6DQG'RFNHU+HURNXHWFLQ3DD6
2WKHUUHODWHG'%06LVVXHV
2ZLQJWRWKHIDFWWKDWPDQ\DSSOLFDWLRQVLQFORXGDUHH[WHQVLYHO\GDWDGULYHQGDWDPDQDJHPHQWV\VWHPVKRVWLQJ
WKHVH DSSOLFDWLRQV HPERG\ D YLWDO FRPSRQHQW LQ FORXG VRIWZDUH VWRUH +RZHYHU PDLQWDLQLQJ SHUIRUPDQFH RI
GDWDEDVH UHDGZULWHRSHUDWLRQVXQGHU IOXFWXDWLQJZRUNORDGV ERWK UHJLRQDOO\ DQGJOREDOO\ LV TXLWH FKDOOHQJLQJ ,Q
WKLV FRQWH[W GLVWULEXWHG VFDODEOH GDWD VWRUHV LQ FORXG KDYH SURPLVHG KLJK SHUIRUPDQFH DQG UHOLDEOH UHDGZULWH
LQWHQVLYHDSSOLFDWLRQVWKURXJKUDSLGSDUWLWLRQLQJUHSOLFDWLRQFRQVLVWHQF\PHDVXUHVDQGDXWRPDWLFPDQDJHUVIRUVHOI
PDQDJHPHQW RI GDWDEDVH 7KLV VHFWLRQ EULHIO\ UHYLHZV DIRUHPHQWLRQHG FRQFHSWV RI SDUWLWLRQLQJ UHSOLFDWLRQ
FRQVLVWHQF\DQGDXWRPDWHGPDQDJHU
3DUWLWLRQLQJ
3DUWLWLRQLQJKHOSVLQGHWHUPLQLQJWKHORFDWLRQRIGDWDRQWKHGLIIHUHQWJHRJUDSKLFDOO\GLVWULEXWHGVHUYHUVLQFORXG
7KXV LW LVRQHRI WKH LPSRUWDQW IHDWXUHV LQGHFLGLQJ WKHUHDGZULWHRUGDWD VWRUDJH VFDODELOLW\>@RI WKH V\VWHP
3DUWLWLRQLQJ RI GDWD FDQ EH DFKLHYHG HLWKHU WKURXJK YHUWLFDO SDUWLWLRQLQJ RU KRUL]RQWDO SDUWLWLRQLQJ DOVR FDOOHG
VKDUGLQJ
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9HUWLFDO 3DUWLWLRQLQJ LV DFKLHYHG E\ VSOLWWLQJ FROXPQV LH DWWULEXWHV RI GDWDEDVH WDEOH LQWR QHZ VXEVHWV RI
FROXPQV VXFK WKDW WKHUH LVDPDSSLQJEHWZHHQVXEVHWRIFROXPQVDQGDSSOLFDWLRQ   IXQFWLRQDOLW\$VGLVFXVVHG LQ
>@ WKHPXOWLWDEOH µMRLQ¶RSHUDWLRQVZLOOQRZEHFDUULHGZLWKLQDSSOLFDWLRQFRGH>@DQGQRWRYHU WKHUHODWLRQDO
VFKHPDWKHUHIRUHLWLVHVVHQWLDOWRFKRRVHDSSURSULDWHWDEOHDQGFROXPQVLQRUGHUWRFUHDWHDULJKWSDUWLWLRQ+HQFH
FROXPQIDPLO\GDWDVWRUHVDUHFDSDEOHRISURYLGLQJERWKYHUWLFDOSDUWLWLRQLQJDQGKRUL]RQWDOSDUWLWLRQLQJ
+RUL]RQWDO 3DUWLWLRQLQJ RU 6KDUGLQJ LV DFKLHYHG E\ VSOLWWLQJ URZV LH WXSOHV RI GDWD EDVH WDEOH LQWR GLIIHUHQW
WDEOHVZLWKOHVVQXPEHURIWXSOHV3DUWLWLRQLQJLVDFKLHYHGRQWKHEDVLVRIVKDUGNH\VZKLFKFDQHLWKHUEHGLUHFWRU\
EDVHGUDQJHEDVHGRUKDVKEDVHG>@%DVHGRQWKHPDSSLQJRINH\DQGVHUYHUPRGHZULWHUHTXHVWVDUHSURSDJDWHG
WRWKHDSSURSULDWHVHUYHU6KDUGLQJEDVHGRQODWHUWZRNH\VLVPRVWFRPPRQO\LPSOHPHQWHGE\PDQ\PDMRUVFDODEOH
GDWDVWRUHV7KXVWZRFRPPRQWHFKQLTXHVRIVKDUGLQJDUH5DQJH3DUWLWLRQLQJRU&RQVLVWHQW+DVKLQJ
5HSOLFDWLRQ
5HSOLFDWLRQLVWKHPHFKDQLVPRIVWRULQJPXOWLSOHFRSLHVRIVDPHGDWDRYHUGLIIHUHQWVHUYHUVLQRUGHUWRH[HFXWH
UHDGZULWH UHTXHVWV E\ GLVWULEXWLQJ TXHULHV RYHU UHSOLFDV %HVLGHV EHLQJ DQ LPSRUWDQW IHDWXUH LQ GHWHUPLQLQJ
VFDODELOLW\LWLVDOVRDQHVVHQWLDOIHDWXUHLQJXDUDQWHHLQJIDXOWWROHUDQFHDQGDIIHFWLQJFRQVLVWHQF\OHYHO
$FFRUGLQJ WR >@ WKH PDLQ DSSURDFKHV WR UHSOLFDWLRQ FDQ EH GLIIHUHQWLDWHG DV PDVWHUVODYH PXOWLPDVWHU RU
PDVWHUOHVVUHSOLFDWLRQ
,QPDVWHUVODYHUHSOLFDWLRQRQHQRGH LVGHVLJQDWHGDVPDVWHUDQGUHVWDVVODYHV2QO\PDVWHU LV UHVSRQVLEOH IRU
SURFHVVLQJ WKH ZULWH UHTXHVWV DQG SURSDJDWLQJ GDWD WR VODYHV 7KXV WKH GLUHFWLRQ RI SURSDJDWLRQ LV DOZD\V IURP
PDVWHU WRVODYHV6RPHRIWKHGDWDVWRUHVLPSOHPHQWLQJPDVWHUVODYHVUHSOLFDWLRQVDUH+%DVH5HGLVDQG%HUNOH\
'%
,QPXOWLPDVWHUUHSOLFDWLRQDQ\QXPEHURIQRGHVFDQSURFHVVWKHZULWHUHTXHVWVDQGXSGDWHVDUHWKHQSURSDJDWHG
WRHYHU\RWKHUQRGH7KXVKHUHSURSDJDWLRQFDQEHLQDQ\GLUHFWLRQ6RPHRIWKHGDWDVWRUHVLPSOHPHQWLQJPXOWL
PDVWHUUHSOLFDWLRQDUH&RXFKEDVH6HUYHUDQG&RXFK'%0DVWHUOHVVUHSOLFDWLRQLVVLPLODUWRPXOWLPDVWHUDSSURDFK
H[FHSWWKHIDFWWKDWLQIRUPHUDOOWKHQRGHVSOD\VDPHUROHLQUHSOLFDWLRQV\VWHP>@([DPSOHVRIGDWDVWRUHVXVLQJ
PDVWHUOHVVUHSOLFDWLRQDUH&DVVDQGUD9ROGHPRUWDQG5LDN1HZ64/GDWDVWRUHDFKLHYHUHSOLFDWLRQVWKURXJK3D[RV
VWDWHPDFKLQHDOJRULWKPOLNH LQ*RRJOH6SDQQHU>@RU WKURXJK WUDQVDFWLRQVHVVLRQPDQDJHU>@ OLNH LQ9ROW'%
DQG&OXVWUL[HWF
)XUWKHU UHDGDQGZULWH VFDODELOLW\RIGDWD VWRUH LVDIIHFWHGE\ WKHFKRLFHRI UHSOLFDWLRQDSSURDFK0DVWHUVODYH
SURYLGHV UHDG VFDODELOLW\ EXW QRWZULWH+RZHYHUPXOWLPDVWHU DQGPDVWHUOHVV UHSOLFDWLRQ SURYLGH ERWK UHDG DQG
ZULWHVFDODELOLW\RZLQJWRWKHIDFWWKDWDOOQRGHVDUHDOORZHGWRKDQGOHERWKUHDGDQGZULWHUHTXHVWV
$VGLVFXVVHG LQ>@ZHEDSSOLFDWLRQVDUHEDVLFDOO\GHSOR\HGRYHUDPXOWL±WLHUFORXGDUFKLWHFWXUHZKHUHHYHU\
VLQJOHWLHULVUHVSRQVLEOHIRUKDQGOLQJWKHIXQFWLRQDOLWLHVFRRUGLQDWLQJZLWKRWKHUWLHUVDQGSURYLGLQJGHVLUHGVHUYLFHV
WRWKHFOLHQWV7KHUHIRUHUHSOLFDWLQJDVLQJOHWLHULVQRWDQHIIHFWLYHVROXWLRQWRDFKLHYHGHVLUHGVFDODELOLW\%HVLGHV
UHDGRUZULWHUHTXHVWV WKHUHDUHFRPSXWHLQWHQVLYHDQGGDWDLQWHQVLYHRSHUDWLRQV)RUPHUQHHGVPRUHUHVRXUFHVRU
VFDODELOLW\ DW DSSOLFDWLRQORJLF WLHU DQG ODWWHU QHHGV WKH VDPH DW GDWDSHUVLVWHQFH OD\HU >@0RUHRYHU LQ FDVH RI
IDLOXUHVLQWHUGHSHQGHQFLHVDPRQJWLHUVPXVWQRWUHVXOWLQPXOWLSOHH[HFXWLRQRIVDPHZRUNORDGDWERWKDSSOLFDWLRQ
DQGGDWDEDVHWLHU+HQFHFRQVLGHULQJDERYHDUJXPHQWVYHUWLFDODQGKRUL]RQWDOUHSOLFDWLRQSDWWHUQVDUHFODVVLILHGLQ
>@
9HUWLFDOUHSOLFDWLRQSDWWHUQLQWHJUDWHVRQHDSSOLFDWLRQDQGRQHGDWDEDVHVHUYHULQWRVLQJOHUHSOLFDWLRQXQLWZKLFK
FDQEHUHSOLFDWHGYHUWLFDOO\WRDFKLHYHKLJKHUVFDODELOLW\+HUHUHSOLFDWLRQORJLFLVWUDQVSDUHQWWRWKHUHSOLFDWLRQXQLW
WKHUHE\ HQDEOLQJ VHDPOHVVZRUNLQJ RI WKH XQLW+RZHYHU LW GHPDQGV HIIHFWLYH SDUWLWLRQLQJ RI DSSOLFDWLRQ DQG LWV
FRUUHVSRQGLQJGDWDWRDFKLHYHH[SHFWHGVFDODELOLW\6XFKV\VWHPVDUHUDUHO\XVHG
+RUL]RQWDOUHSOLFDWLRQSDWWHUQDOORZVHDFKWLHUWRUHSOLFDWHLQGHSHQGHQWO\DQGDUHSOLFDWLRQDZDUHQHVVVFKHPH>@
UXQV LQ EHWZHHQ IRU FRRUGLQDWLQJ WKH WLHUV 7KXV LW SURYLGHV IOH[LELOLW\ WR VFDOH HDFK WLHU LQGHSHQGHQWO\ EXW IRU
HIIHFWLYHSHUIRUPDQFHWKHDZDUHQHVVPHFKDQLVPLVPXVWVXFKV\VWHPVDUHXVHGDOPRVWHYHU\ZKHUH
,Q RUGHU WR VXSSRUW WKH DERYH WZR YDULRXV DUFKLWHFWXUDO GHFLVLRQV QHHG WR EH FRQVLGHUHG OLNH PXOWLWLHU
FRRUGLQDWLRQGHWHUPLQLQJWKHH[DFWXQLWFRQWDLQLQJUHSOLFDG\QDPLFSDUWLWLRQLQJHWF
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&RQVLVWHQF\
$&,'FRQVLVWHQF\LPSOLHVWKDWWUDQVDFWLRQGULYHVGDWDEDVHIURPRQHFRQVLVWHQWVWDWHWRDQRWKHU+RZHYHU%$6(
>@ FDSWXUHV WKH UHDVRQLQJ RI &$3 >@ >@ YHU\ FORVHO\ &$3 FRQVLVWHQF\ UHIHUV WR KRZ GDWD VHHPV DPRQJ
GLIIHUHQW VHUYHU QRGHV DIWHU XSGDWH KDV EHHQ SHUIRUPHG %$6( VWDWHV WKDW IRU D V\VWHP ZKLFK LV SDUWLWLRQHG
IXQFWLRQDOO\RSHUDWLRQVFDQEHEURNHQGRZQDQGSLSHOLQHGWRJHQHUDWHDV\QFKURQRXVXSGDWHVRYHUGLIIHUHQWUHSOLFDV
7KLV HQVXUHV WKDW FOLHQWV ZLVKLQJ WR DFKLHYH UHDG DFFHVV FDQ EH LQVWDQWO\ VHUYLFHG ZLWKRXW OHWWLQJ WKHP ZDLW IRU
FRPSOHWLRQ 6XFK KLJKO\ SLSHOLQHG >@ V\VWHPV ZLWK LQVWDQW VHUYLFLQJ UDLVH YDULRXV FRQVLVWHQF\ LVVXHV WKHUHE\
HYROYLQJWKHFRQFHSWRIUHOD[HGFRQVLVWHQFLHV+HQFHFRQVLVWHQF\PRGHOVFDQEHFDWHJRUL]HGLQWRVWURQJLPPHGLDWH
FRQVLVWHQF\DQGHYHQWXDOFRQVLVWHQF\
6WURQJ FRQVLVWHQF\ PDNHV VXUH WKDW DIWHU ZULWHV DUH SHUIRUPHG VDPH GDWD LV YLVLEOH WR DOO LQFRPLQJ UHDGV
WKHUHDIWHU $V GLVFXVVHG HDUOLHU V\QFKURQRXV UHSOLFDWLRQ SURYLGHV VWURQJ FRQVLVWHQF\ EXW RZLQJ WR ODWHQF\
LQWURGXFHG LW LVQRWVXLWDEOH IRU1R64/GDWDVWRUHVZKLFKGHPDQGKLJK OHYHOVRISHUIRUPDQFH+%DVH LV WKHRQO\
1R64/GDWDEDVHZKLFKSURYLGHVVWURQJFRQVLVWHQF\6RPHRWKHU1R64/GDWDEDVHVOLNH0RQJR'%DFKLHYHVVWURQJ
FRQVLVWHQF\ E\ HLWKHU VHWWLQJ UHDGRQO\ IURP PDVWHU RU VHWWLQJ ZULWH FRQFHUQ SDUDPHWHU WR ³5HSOLFD
$FNQRZOHGJHPHQW´>@
(YHQWXDOFRQVLVWHQF\>@PDNHVVXUHWKDWXVHUQHHGQRWZDLWIRUGDWDHYHQWKRXJKV\VWHPLVZRUNLQJDWEDFNHQG
WRDFKLHYHFRQVLVWHQF\8SGDWHVDUHHYHQWXDOO\SURSDJDWHGWRDOOUHSOLFDVRYHUDSHULRGRIWLPH$JDLQDVGLVFXVVHG
HDUOLHU DV\QFKURQRXV UHSOLFDWLRQ SURYLGHV HYHQWXDO FRQVLVWHQF\ $OPRVW DOO 1R64/ VWRUHV SURYLGH HYHQWXDO
FRQVLVWHQF\VLQFHWKH\DUHDV\QFKURQRXVO\UHSOLFDWHG
+RZHYHUPDQ\RI1R64/GDWDEDVHVFRQILJXUHFRQVLVWHQF\PRGHOVWRSURYLGHVWURQJFRQVLVWHQF\XVLQJYDULRXV
FRQVLVWHQF\JXDUDQWHHPHFKDQLVPV$VSUHVHQWHGLQ>@GLIIHUHQWIRUPVRIFRQVLVWHQF\FDQEHFRPELQHGWRHQVXUH
FRQVLVWHQF\DWFOLHQWVLGHDVVKRZQLQWDEOH
7DEOH7\SHVRIHYHQWXDOFRQVLVWHQF\
7\SHVRI(YHQWXDO
&RQVLVWHQF\
)XQFWLRQDOLW\
&DVXDO ,IFDVXDOGHSHQGHQF\H[LVWVEHWZHHQWZRSURFHVVHVWKHQXSGDWHFRPPLWWHGE\RQHZLOOEHUHMHFWHG
E\DQRWKHU
5HDG\RXU:ULWH 0DNHVVXUHWKDWDIWHUXSGDWHVXEVHTXHQWUHDGVZLOODFFHVVWKDWQHZO\XSGDWHGYDOXH
6HVVLRQ (QVXUHVWKDW5HDG\RXU:ULWHFRQVLVWHQF\LVSURYLGHGXQWLOWKHVHVVLRQH[SLUHV
0RQRWRQLF5HDG 0DNHVVXUHWKDWRQFHDUHDGDFFHVVHVVSHFLILFYDOXHRIGDWDLWHPWKHQQRVXEVHTXHQWUHDGZLOO
DFFHVVHDUOLHUFRPPLWWHGYDOXH
0RQRWRQLF:ULWH (QVXUHVVHULDOL]DWLRQRIZULWHVE\WKHVDPHWUDQVDFWLRQ
$XWRPDWLFPDQDJHPHQW
0DQDJLQJODUJHGDWDEDVHPDQDJHPHQWV\VWHPVSUHVHQWVUHPDUNDEOHFKDOOHQJHVLQV\VWHPPRQLWRULQJRSHUDWLRQV
DQGPDQDJHPHQW$XWRPDWLFPDQDJHULVDFFRXQWDEOHIRUIROORZLQJ
 0RQLWRULQJV\VWHPEHKDYLRU
 7XQLQJV\VWHPSHUIRUPDQFH
 (ODVWLFVFDOLQJ
 /RDGEDODQFLQJRQWKHEDVLVRIG\QDPLFFRQVXPSWLRQSDWWHUQV
 0RGHOOLQJV\VWHPFKDUDFWHULVWLFVLQRUGHUWRSUHGLFWWKHZRUNORDGVSLNHV
 7DNLQJHIIHFWLYHFRQWUROPHDVXUHVWRGHDOZLWKVXFKVSLNHV
)XUWKHU LQRUGHU WRJXDUDQWHHHIILFLHQWPXOWLWHQDQWSHUIRUPDQFHDQGVHUYLFHOHYHODJUHHPHQWV6/$V>@ WKH
PDQDJHUPXVW FRQILJXUHG\QDPLFEHKDYLRU DQG UHVRXUFH UHTXLUHPHQWVRI YDULRXV WHQDQWV IRU HODVWLF VFDOLQJ$OVR
PLJUDWLRQFRVWV LQFRQWH[WRI GHFLVLRQV UHJDUGLQJZKHUH WRPLJUDWHZKHQ WRPLJUDWHDQGZKLFK WHQDQW WRPLJUDWH
PXVWEHSUHGLFWHG$XWRPDWLFPDQDJHUFRPSULVHVRIWZRORJLFDOFRPSRQHQWVVWDWLFDQGG\QDPLF
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6WDWLFFRPSRQHQWFRQILJXUHVFKDUDFWHULVWLFVRIWHQDQWVDQGWKHLUUHVRXUFHXWLOL]DWLRQWRGHWHUPLQHWKHLUSODFHPHQW
DQG LGHQWLI\ FRORFDWHG WHQDQWVZLWK VXSSOHPHQWDU\ UHVRXUFH UHTXLUHPHQWV7KLV FRQILJXUDWLRQSUHVXPHV WKDW RQFH
WHQDQWFKDUDFWHULVWLFVDUHPRGHOHGDQGWKHLUSODFHPHQWLVLGHQWLILHGV\VWHPZLOOUHWDLQLWVEHKDYLRUDQGLVWKXVFDOOHG
VWDWLFFRPSRQHQW
'\QDPLF FRPSRQHQW FRQILJXUHV HQWLUH V\VWHP¶V FKDUDFWHULVWLFV WR JRYHUQ DSSURSULDWHPRPHQW IRU HODVWLF ORDG
EDODQFLQJ ,W JXDUDQWHHV PLQLPXP FKDQJHV LQ WHQDQW SRVLWLRQLQJ DQG UHEDODQFHV ORDG WKURXJK OLYH GDWDEDVH
PLJUDWLRQ'\QDPLFFRPSRQHQWLGHQWLILHVG\QDPLFWUDQVIRUPDWLRQVLQORDGDQGUHVRXUFHXVDJHFKDUDFWHULVWLFV
5HODWHGZRUN
/LNH +DGRRS >@ WKHUH DUH UHODWHG SURMHFWV OLNH +DGRRS'% >@ DQG +LYH >@ +RZHYHU XQOLNH SDUDOOHO
FRPSXWLQJDUFKLWHFWXUHGLVFXVVHGLQVHFWLRQ,,WKHVHSHUIRUPEDWFKSURFHVVLQJLQVWHDGRIUHDOWLPH2/73RSHUDWLRQV
'LVWULEXWHG%7UHHV>@DUHDOVRXVHGIRUFORXGFRPSXWLQJDVLQ>@+RZHYHUWKH\DUHFDSDEOHRISURFHVVLQJRQO\
RQHGLPHQVLRQDO GDWD ZKLFK LV QRW VXLWDEOH IRU 2/$3 DSSOLFDWLRQV (IIRUWV KDYH EHHQ PDGH WR GHVLJQ PXOWL
GLPHQVLRQDOGLVWULEXWHGGDWDVWUXFWXUHV OLNH57UHHV >@DV LQ >@ >@EXW WKH\GRQ¶WSRVVHVV WKHDELOLW\ WRPHHW
2/$3UHTXLUHPHQWV
03,EDVHG >@ SDUDOOHO DSSOLFDWLRQV DUH FRPSXWHFHQWULF LH GDWD IUDJPHQWV DUH PRYHG WR FRPSXWDWLRQV )RU
H[DPSOHPSL%/$67 >@ZKLFK LV%/$67¶V >@ > @SDUDOOHO LPSOHPHQWDWLRQ/LNH DUFKLWHFWXUHGLVFXVVHG LQ
VHFWLRQ,,,LWDOVRPDNHVXVHRIVFKHGXOHUEXWLWHOLPLQDWHVRYHUKHDGRIGDWDPRYHPHQWIURPVKDUHGQHWZRUNVWRUDJH
WRFRPSXWDWLRQVE\XVLQJORFDOGLVNFDFKHV7KLV IDLOVZKHQGDWDEDVHLQFUHDVHVLQVL]H+DGRRS%/$67>@>@
DOVRLPSOHPHQWVSDUDOOHO0DS5HGXFH>@IRU%/$67EXWGRHVQRWLQFOXGHDQ,2FRQWUROOHU
$VGLVFXVVHG LQ >@ >@ H[LVWLQJ1R64/GDWD VWRUHVGLIIHU RQ WKHEDVLV RI GDWDPRGHO XVHG SDUWLWLRQLQJ DQG
UHSOLFDWLRQPHFKDQLVPXVHGOHYHORIFRQVLVWHQF\JXDUDQWHHGFRQFXUUHQF\PRGHOXVHGTXHU\$3,LQWHUIDFHXVHGDQG
PHFKDQLVPVWRHQVXUHQHWZRUNVHFXULW\
6DD6 DGRSWHG WKUHH VFKHPDV WR LPSOHPHQW PXOWLWHQDQW '%DD6 6KDUHG0DFKLQH 6KDUHG 3URFHVV DQG 6KDUHG
7DEOH>@>@+RZHYHURZLQJWRVRPHGLVFUHSDQFLHVWKH\DUHQRPRUHVXLWDEOHIRUPXOWLWHQDQWFORXGSODWIRUP
,Q6KDUHG0DFKLQHVFKHPHPHPRU\FRQVXPSWLRQLQFUHDVHVZLWKLQFUHDVHLQQXPEHURIWHQDQWV>@6KDUHG3URFHVV
VFKHPHRQWKHFRQWUDU\KDVOHVVPHPRU\FRQVXPSWLRQSHUWHQDQWDQGSURYLGHVLQGHSHQGHQWORJLFDOWDEOHVIRUHYHU\
WHQDQW>@2QWKHRWKHUKDQGLQ6KDUHG7DEOHVFKHPHPHPRU\FRQVXPSWLRQUHPDLQVFRQVWDQWHYHQZLWKLQFUHDVH
LQWHQDQWVDQGLWSURYLGHVEHWWHUXWLOL]DWLRQRIVWRUDJHWKDQRWKHUVFKHPHV(YHQWKHQLW LVVXLWDEOHRQO\ZKHQHDFK
WHQDQWKDVDVLPLODUVFKHPDLQVWDQFH
&RQFOXVLRQ
$UFKLWHFWXUHVGLVFXVVHGLQWKLVSDSHULPSOHPHQWHLWKHUDVFKHGXOHURUPDVWHUQRGHIRUZRUNORDGGLVWULEXWLRQDQG
VFKHGXOLQJ+RZHYHUWKLVFHQWUDOL]HGDSSURDFKFDQUHVXOW LQDERWWOHQHFNIRUSHUIRUPDQFHDQGG\QDPLFVFDOLQJ$
GHFHQWUDOL]HG DSSURDFK PXVW EH GHYLVHG VXFK WKDW ORDGLQJ DQG DVVLJQLQJ GHSHQGV XSRQ WKH IUHTXHQF\ RU XVDJH
SDWWHUQVRIFOLHQW7KLVFDQEHDFKLHYHGE\PDLQWDLQLQJDQGPRQLWRULQJORJVIRUHDFKWHQDQW)XUWKHUDQLQWHOOLJHQW
PRGXOHQHHGVWREHLQFRUSRUDWHGLQWKHVHDUFKLWHFWXUHVZKLFKFDQGHWHUPLQHEHWZHHQLQPHPRU\DQGRQGLVN'%06
LPSOHPHQWDWLRQVDVSHUWKHWHQDQW¶VVHUYLFHOHYHOREMHFWLYHV
7KHVHDUFKLWHFWXUHVDOVRODFNLQUHSOLFDWLRQPHFKDQLVPZKLFKLVUHTXLUHGIRUIDXOWWROHUDQFHDQGHIILFLHQWUXQWLPH
ORDGEDODQFLQJ6LPLODUO\DSURSHUSDUWLWLRQLQJPHFKDQLVPPXVWEH FKRVHQVXFKWKDWWKHUHLVWUDQVDFWLRQDOVXSSRUW
IRUGLVWULEXWHGRSHUDWLRQVDPRQJDOOVFDWWHUHG'%06LQVWDQFHV0RUHRYHUDIOH[LEOH,2LQWHUIDFHPXVWEHGHVLJQHG
ZKLFK LVFDSDEOHRI VXVWDLQLQJDWRPLFDQGVHULDOL]DEOH WUDQVDFWLRQVDPRQJKHWHURJHQHRXVGDWDEDVHV WRPDNH WKHP
LQWHURSHUDEOH
5HIHUHQFHV
 $ERX]HLG $ 3DZOLNRZVNL .% $EDGL ' 6LOEHUVFKDW] $ DQG 5DVLQ $ +DGRRS'% DQ DUFKLWHFWXUDO K\EULG RI 0DS5HGXFH DQG '%06
WHFKQRORJLHVIRUDQDO\WLFDOZRUNORDGV>2QOLQH@$FFHVVHG)HEKWWSZZZYOGERUJSYOGEYOGESGI
634   Pankaj Deep Kaur and Gitanjali Sharma /  Procedia Computer Science  58 ( 2015 )  622 – 634 
 'DUOLQJ $( &DUH\ / DQG )HQJ:& 7KH GHVLJQ LPSOHPHQWDWLRQ DQG HYDOXDWLRQ RI PSL%/$67 >2QOLQH@ $FFHVVHG $SULO
KWWSVDOVDKSFLQGLDQDHGXFVFLEPSL%/$67SGI
 7KXVRR$6DUPD-6-DLQ16KDR=&KDNND3$QWKRQ\6/LX+:\FNRII3DQG0XUWK\5+LYHDZDUHKRXVLQJVROXWLRQRYHUD0DS
5HGXFHIUDPHZRUN>2QOLQH@KWWSZZZYOGERUJSYOGEYOGESGI$FFHVVHG$SULO
 %/$67KWWSHQZLNLSHGLDRUJZLNL%/$67>2QOLQH@$FFHVVHG$SULO
 %WUHHKWWSHQZLNLSHGLDRUJZLNL%WUHH>2QOLQH@$FFHVVHG-DQ
 'HKQH).RQJ4&KDSOLQ$5=DEROL+DQG=KRX56FDODEOHUHDOWLPH2/$3RQFORXGDUFKLWHFWXUHV,Q(OVHYLHU
 +')6>2QOLQH@KWWSVKDGRRSDSDFKHRUJGRFVUKGIVBGHVLJQKWPO$FFHVVHG-DQ
 +X+:HQ<&KXD76DQG/L;7RZDUGVFDODEOHV\VWHPVIRU%LJ'DWDDQDO\WLFVDWHFKQRORJ\WXWRULDO,Q,(((
 :DQJ - :X 6 *HR + /L - DQG 2RL %& ,QGH[LQJ PXOWLGLPHQVLRQDO GDWD LQ D FORXG V\VWHP >2QOLQH@ $FFHVVHG  $SULO 
KWWSZZZFRPSQXVHGXVJaRRLEFVLJPRGUWFDQSGI
<LQ-=KDQJ-:DQJ-DQG)HQJ:&6'$)7$QRYHOVFDODEOHGDWDDFFHVVIUDPHZRUNIRUSDUDOOHO%/$67,Q(OVHYLHU
*UROLQJHU.+LJDVKLQR:$7LZDUL$ DQG&DSUHW]$$0 'DWD PDQDJHPHQW LQ FORXG HQYLURQPHQWV1R64/ DQG1HZ64/GDWD
VWRUHV,Q-RXUQDORIFORXGFRPSXWLQJDGYDQFHVV\VWHPDQGDSSOLFDWLRQV
03,>2QOLQH@KWWSFRPSXWLQJOOQOJRYWXWRULDOVPSL$FFHVVHG$SULO
0\64/&OXVWHU>2QOLQH@KWWSHSULQWVVLFVVHHODQVDU\VLQJOHVSDFHGSGI$FFHVVHG$SULO
'KDUYDWK5DQG.XPDU&$VFDODEOHJHQULFWUDQVDFWLRQPRGHOVFHQDULRIRUGLVWULEXWHG1R64/GDWDEDVHV,QHOVHYLHU3J
5WUHH>2QOLQH@KWWSHQZLNLSHGLDRUJZLNL5WUHH$FFHVVHG-DQ
5XQQLQJ+DGRRS%ODVWLQGLVWULEXWHG+DGRRS>2QOLQH@KWWSVDOVDKSFLQGLDQDHGXWXWRULDOKDGRRSEODVWH[KWPO$FFHVVHG$SULO
'DV66FDODEOHDQGHODVWLFWUDQVDFWLRQDOGDWDVWRUHVIRUFORXGFRPSXWLQJSODWIRUPV$GLVVHUWDWLRQ
$OWVFKXO6)0DGGHQ7/6FKDIIHU$$=KDQJ-=KDQJ=0LOOHU:DQG/LSPDQ'-*DSSHG%/$67DQG36,%/$67DQHZJHQHUDWLRQRI
SURWHLQGDWDEDVHVHDUFKSURJUDPV,Q1XFOHLF$FLGV5HV6HS±
$OWVFKXO 6)*LVK:0LOOHU:0\HUV (: DQG /LSPDQ'- %DVLF ORFDO DOLJQPHQW VHDUFK WRRO >2QOLQH@ KWWSP\HUVODEPSLFEJGHZS
FRQWHQWXSORDGVEODVWSGI$FFHVVHG$SULO
:X 6 -LDQJ ' 2RL %& DQG :X ./ (IILFLHQW %WUHH EDVHG LQGH[LQJ IRU FORXG GDWD SURFHVVLQJ >2QOLQH@ $FFHVVHG  $SULO 
KWWSZZZFRPSQXVHGXVJaRRLEFYOGEFJLQGH[SGI
:KDWLV+DGRRS">2QOLQH@$FFHVVHG-DQKWWSZZZLEPFRPVRIWZDUHGDWDLQIRVSKHUHKDGRRS
:KDWLV0DS5HGXFH">2QOLQH@$FFHVVHG-DQKWWSZZZLEPFRPVRIWZDUHGDWDLQIRVSKHUHKDGRRSPDSUHGXFH
=KDQJ ; $L - :DQJ = /X - DQG 0HQJ ; $Q HIILFLHQW PXOWLGLPHQVLRQDO LQGH[ IRU FORXG GDWD PDQDJHPHQW >2QOLQH@
KWWSLGNHUXFFQSXEOLFDWLRQV;=KDQJ&ORXG'%SGI$FFHVVHG$SULO
/XR<=KRX6DQG*XDQ-/$<(5DFRVWHIILFLHQWPHFKDQLVPWRVXSSRUWPXOWLWHQDQWGDWDEDVHDVDVHUYLFHLQFORXG,Q(OVHYLHU
SJ
,QWHURSHUDELOLW\DQGSRUWDELOLW\IRUFORXGFRPSXWLQJDJXLGH$ZKLWHSDSHU&RS\ULJKW#FORXGVWDQGDUGVFXVWRPHUFRXQFLO
&RUEHWW-&'HDQ-(SVWHLQ0)LNHV$)URVW&)XUPDQ--*KHPDZDW6*XEDUHY$+HLVHU&+RFKVFKLOG3+VLHK:.DQWKDN6.RJDQ
(/L+/OR\G$0HOQLN60ZDXUD'1DJOH'4XLQODQ65DR55ROLJ/6DLWR<6]\PDQLDN07D\ORU&:DQJ5:RRGIRUG'
6SDQQHU*RRJOH¶VJOREDOO\GLVWULEXWHGGDWDEDVH3XEOLVKHGLQWKHSURFHHGLQJVRI26',
'LDFN%:1GLD\H6DQG6OLPDQL<&$37KHRUHPEHWZHHQFODLPVDQGPLVXQGHUVWDQGLQJVZKDWLVWRREHVFDULILFHG",Q,-$67YRO
-XO\
*LOEHUW6DQG/\QFK13HUVSHFWLYHVRQWKH&$3WKHRUHP
.DPDO-00DQG0XUVKHG0&KDSWHU'LVWULEXWHGGDWDEDVHPDQDJHPHQWV\VWHPVDUFKLWHFWXUDOGHVLJQFKRLFHVIRUWKHFORXG8QGHU
6SULQJHU,QWHUQDWLRQDOSXEOLVKLQJ0DKPRRGHGFORXGFRPSXWLQJFRPSXWHUFRPPXQLFDWLRQVDQGQHWZRUNV
9RJHOV:(YHQWXDOO\FRQVLVWHQW,Q$&0YRO1R3DJHV
3ULWFKHWW'%$6(DQ$&,'DOWHUQDWLYH,Q$&048(8(3DJHV
$JUDZDO'$EDGL$('DV6DQG(OPRUH$-'DWDEDVHVFDODELOLW\HODVWLFLW\DQGDXWRQRP\LQWKHFORXG>([WHQGHGDEVWUDFW@7HFKQLFDOUHSRUW
8&6%&6
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